Knowledge about the Brazilian fungal diversity was, until 2010, recorded in few taxonomy and ecology publications, as well as in a handful of species lists. With the publication of the Catálogo de Plantas e Fungos do Brasil and the continued availability of an online list, it has been possible to aggregate this dispersed knowledge. The version presented here adds 2,111 species names to the 3,608 listed in 2010. A total of 5,719 species of fungi distributed in 1,246 genera, 102 orders and 13 phyla represents a considerable increase over the last five years, when only 924 genera and 78 orders were registered. Basidiomycota (2,741 species in 22 orders) and Ascomycota (1,881 species in 41 orders) predominate over other groups. The Atlantic Rainforest has the largest number of records, with 3,017 species, followed by Amazon Rainforest (1,050), Caatinga (999), Cerrado (638) and Pampa and Pantanal with 84 and 35 species, respectively. The Northeast region has the greatest richness (2,617 species), followed by Southeast (2,252), South (1,995), North (1,301) and Central-West (488 species). Regarding the States of the Federation, São Paulo with 1,846 species, Pernambuco with 1,611 and Rio Grande do Sul with 1,377 species are the most diverse. Key words: Taxonomy, mycology, brazilian regions.
Piauí; Cavalcanti (2002) , Maimoni-Rodella (2002) and Putzke (2002) listed Myxomycetes occurring in different regions of the country; Curvo (2006) provided a list of fungi from Mato Grosso; Mendes et al. (1998 Mendes et al. ( , 2010 presented a list of species of fungi on plants in Brazil; Maia et al. (2002) showed the diversity of fungi in Pernambuco; Hennen et al. (2005) provided a catalogue of Brazilian rusts (Pucciniales); Gusmão & Maia (2006) showed the diversity of fungi in the semi-arid; Milanez et al. (2007) published a list of zoosporic fungi of Brazil; Maia et al. (2007) discussed the representation of fungi in Brazilian herbaria. Several lists on Agaricomycetes were also published: species in Brazil (Putzke 1994) , in the Amazon Rainforest (Silva & Gibertoni 2009 ), in the Atlantic Rainforest (Baltazar & Gibertoni 2009 ), in the semiarid (Drechsler-Santos et al. 2009 ) and in the Cerrado (Gibertoni & Drechsler-Santos 2010) . These publications considered specific groups (eg, plant parasitic) or focused on the diversity of fungi in some regions or states of the federation.
Since , several articles were published, new listings were made available and more contributors continued to systematize information in the on-line database of the Brazilian List, which was open to improvement. Among these publications, included or not in the database, we found some related to: Pucciniales (Carvalho Jr. & Hennen 2010 , 2012 Salazar-Yepes & Carvalho Jr. 2010a , b, 2012 ; conidial fungi, with new genera, species and records for Brasil Barbosa & Gusmão 2011; Izabel et al. 2011; Cruz et al. 2012; Almeida et al. 2013; Barbosa et al. 2013; Fiuza et al. 2014; Monteiro & Gusmão 2013; Monteiro et al. 2014a, b) ; Ingoldian fungi (Fiuza & Gusmão 2013a Fiuza et al. 2015) , zoosporic fungi (Nascimento et al. 2012; Jesus et al. 2013) , new species and records of Myxomycetes (Alves et al. 2010; Bezerra et al. , 2014 Silva & Cavalcanti 2010; Costa et al. 2011 Costa et al. , 2014 Damasceno et al. 2011; Silva & Cavalcanti 2012; Parente & Cavalcanti 2013; Cavalcanti et al. 2014 Cavalcanti et al. , 2015 , new species and records of Zygomycota (Santiago et al. 2011a (Santiago et al. , b, 2013 Souza et al. 2012 Souza et al. , 2014 ; new orders, families, genera, species, recombinations and review in Glomeromycota (Goto et al. 2011 (Goto et al. , 2013 Mello et al. 2012 Mello et al. , 2013 Oehl et al. 2011a, b; Pontes et al. 2013) , including phylogenetic studies of Gigasporales . In Ascomycota: new genus 3 and species of histeriaceous fungi , generic reviews of: Ascobolus and Saccobolus (Melo et al. 2014) , Diorygma (Feuerstein et al. 2014) , Polymeridium ; new genera: Anabahusakala (Carmo et al. 2014) ; Helicodochium (Monteiro et al. 2014a) ; Ypsilomyces ; Ellisembiopsis (Izabel et al. 2013) ; Anacraspedodidymum ; new records, genera and species of liquenized fungi (Alves et al. 2014; Aptroot et al. 2013; Aptroot & Cáceres 2014a, b; Cáceres et al. 2012 Cáceres et al. , 2013 Feuerstein et al. 2014; Lima et al. 2013a, b; Menezes et al. 2013) . In Basidiomycota: new species and records of Agaricomycetes (Abrahão et al. 2012; Baltazar et al. 2012; Cabral et al. 2012; Coimbra & Gibertoni 2015; Coimbra et al. 2012 Coimbra et al. , 2013 Cortez et al. 2011; Drechsler-Santos et al. 2012a , b, c, 2013 Gibertoni et al. 2012; Gomes-Silva et al. 2012 Sá et al. 2014; Soares et al. 2014; TrierveilerPereira et al. 2011; Wartchow et al. 2013a, b) , as well as approaches to some genera: Coltricia , Phellinus and Inonotus , Trichaptum (Gibertoni et al. 2011) , Diplomitoporus (Baltazar et al. 2013) , Pleurotus (Menolli Jr. et al. 2014) , Henningsia , among others.
After 2010, some checklists were also published, including: Glomeromycota of the Caatinga ) and semiarid region ; Agaricomycetes of the Cerrado (Gibertoni & Drechsler-Santos 2010; Abrahão et al. 2012) ; fungi of the Serra da Jibóia, Bahia (Barbosa et al. 2014) ; coprophilous fungi (Calaça et al. 2014 ) and a book on macrofungi of the semiarid region (Neves et al. 2013) .
In recent years the taxonomic placement of fungi has undergone major changes, especially after the work of Hibbett et al. (2007) , with more than 60 colleagues, who proposed a phylogenetic classification for the kingdom. Throught the use of this new approach, the classification of many groups of fungi changed at different taxonomic levels. These analyses accelerated the discovery of new genera and species, creating new families, rearrangement of orders, classes and phyla in an attempt to group taxa phylogenetically to produce a more consistent classification. In this context, the listing process also involves vastly updating the nomenclature of species and moving them to their current position, which involves extra work. Taking as example the Glomeromycota, a phylum proposed by Schüssler et al. (2001) to include only arbuscular mycorrhizal fungi, which were previously included in Zygomycota.
In 2001 this group was divided into four orders and seven families, comprising about 150 species; today the phylum is represented by three classes, five orders, 15 families and 38 genera, with more than 250 species, of which 157 occur in Brasil. Among these, more than 20 were originally described from material collected in Brazil (Goto et al. 2011 (Goto et al. , 2013 Mello et al. 2012 Mello et al. , 2013 Marinho et al. 2014) . Another significant change occurred in Zygomycota, disregarded for being polyphyletic (Hibbett et al. 2007) . The species formerly placed in this group are currently classified in Entomophthoromycota (Humber 2012) and four subphyla of uncertain position: Mucoromycotina, Zoopagomycotina, Kickxellomycotina and Mortierellomycotina (Hibbet et al. 2007; Hoffmann et al. 2011) . However, considering that the subphylum category was not included in the present work, part of the species of the group were kept in the previously considered phylum Zygomycota, while the rest is included in Entomophthoromycota. This information shows how quickly the classifications have changed and how the new findings contribute to our work, considering the wealth of fungal species yet to be unveiled.
Methodology
The method used in this study was the same adopted in Forzza et al. (2010) and , and the work was improved by invited experts who used the on-line database available at the web page of Jardim Botânico do Rio de Janeiro. Each expert had the task of including new records and modifying data from previous records, in the light of the latest knowledge to their speciality group. The coordinators of the group of fungi were tasked with reviewing and complementing data which eventually have not been filled in by the specialists. The dataset finalized in March 2015, was used to prepare the present analyses, and can be found at the Brazilian List of Fungi sensu lato (see supplementary material <http:// dx.doi.org/10.6084/m9.figshare.1538651> -DOI: 10.1590/2175-7860201566407). Only the checked and accepted names of fungi with the respective authors were used as base for inclusion of data in the present article. Due to the work required, this review was not complete although most of the data have been included.
Experts that contributed to this data collection, listed in alphabetical order of the first author: Aptroot, A. Considering that information on distribution of the occurrence and research in the various biomes and Brazilian ecosystems is still insufficient, it was impossible to determine with certainty which species were endemic and threatened taxa; therefore this aspect was not addressed in this study. From Maia & Carvalho Jr. (2010) , there has been gradual increase in the number of fungal species registered, that culminated with the complete dataset found at the Brazilian List of Fungi sensu lato (see supplementary material <http:// dx.doi.org/10.6084/m9.figshare.1538651> -DOI: 10.1590/2175-7860201566407). There is a greater increase in the contribution of species records between the years 2010 and 2015. In 2010, 3,608 species were recorded and until of 2015, more 2,111 species, reaching a final count of 5,719 species names were added to this new version.
Results & Discussion
Species of Basidiomycota (2,741 species) and Ascomycota (1,881 species) predominated in the current list (Tab. 1) as was expected given that these are the two major groups of fungi, respectively with more than 30 and 60 thousand species already described (Kirk et al. 2008) . For other phyla, the number of species described worldwide is very low, ranging from less than 30 (Hyphochytridiomycota) to about 1,100 (Chytridiomycota, Myxomycota, Oomycota and Zygomycota, for example). In the range of 50 to 250 species are the Labirinthulomycota (48), Plasmodiophoromycota (47) and Glomeromycota (250). The representativeness of these phyla in Brazil is not fully known, neither is Ascomycota and Basidiomycota, but almost the totality of what was recorded in the country for these smaller groups is now listed. Of the 250 species of Glomeromycota in the world, for example, 157 are cited for Brazil, which represents approximately 66% of the total, but for some groups this ratio is much lower. Regarding the Myxomycetes, the ratio is less than 30% for the total of 900 species currently accepted, although Brazil is the second country in the Neotropics and the first in South America in number of records (considering as yet that the species recorded in Pantanal and Pampa are still not included in the present dataset); for Chytridiomycota there is about 10% of the registered in the world, while for Zygomycota the proportion is less than 5%, indicating the need for more experts and work dedicated to these groups. The Ascomycota teleomorphs were initially more addressed in studies of leaf fungi by Batista et al. (Silva & Minter 1995; Batista 2015) , and are now being investigated further by experts in plant pathology. As a highlight of the latest studies with teleomorphs are those performed with pathogenic, coprophilous and lichenized fungi. However, much of what has been recorded, especially in the Central-West and Southeast regions, has not yet been recorded in the present list. Ascomycota anamorphic were also a well studied group among leaf fungi and continue to be investigated under several aspects: taxonomic, ecological, phytopathological and biotechnological. A large portion of the taxa is as yet without a defined taxonomic position and they appear in insertae sedis groups in the present list.
In Brazil, few experts are dedicated to the Ascomycota, and, considering that this is the largest group of fungi, it is understandable the need for increasing specialized staff training. The Basidiomycota have more experts and, as many form macroscopic, often showy structures, are better studied and known. This group also includes the rusts, important parasites of plants, which have attracted the attention of a few researchers. For other phyla, the number of specialists is even smaller or nonexistent in Brazil and it is clear the need for training human resources in taxonomy in order to investigate and record the occurrence of the country's fungi. Some groups are barely known in Brazil as the Blastocladiomycota with 17 species recorded, Cryptomycota, Entomophthoromycota, Hyphochytriomycota, Labyrinthulomycota and Plasmodiophoromycota with five or fewer species.
The 2015 list includes 13 phyla (plus a taxonomic group placed as insertae sedis), 102 orders (another insertae sedis group), 1,246 genera and 5,719 species of fungi. These numbers represent a considerable increase when compared to 2010, when 78 orders and 924 genera were recorded . Of the 102 orders, 41 belong to Ascomycota and 22 to Basidiomycota. In Ascomycota, the six orders with higher number of species are Xylariales (275 species), Asterinales (248) Lecanorales (219), Ostropales (162) Microthyriales (120) and Capnodiales (99) (Tab. 2). In Basidiomycota, the orders with higher species numbers are Agaricales (927 species), Pucciniales (750) Polyporales (453) Most of the fungi mentioned in the current list are saprobes, but parasites and symbionts also stand out. Among the plant parasitic species, rusts (Pucciniales) are the second order better represented among the Basidiomycota and among the Ascomycota the second order with more records is Asterinales. Microthyriales and Capnodiales, with a significant number of species already listed, also add many plant pathogenic species. Other groups, such as Oomycota and Plasmodiophoromycota are also represented by several species that attack plants. Equally important is to record symbionts, consisting of lichens, or lichenized fungi (most Ascomycota, mainly represented by Lecanorales) and mycorrhizal species (all orders of Glomeromycota, several Basidiomycota and a few Ascomycota and Zygomycota, specifically Endogonales).
The distribution of the 21 richest genera of fungi in number of species recorded in 2010 and the comparison with the current number is presented in Table 3 . There was no significant increase in the number of species in some genera such as Puccinia, Uromyces and Uredo because the vast majority of records of these taxa in the country was already included in the former edition of the list . Conversely, previously not recorded Asterina and Cladonia passed respectively to 73 and 113 recorded species, and Marasmius increased from two species to 128 species records in the country. This increase is due to the participation of more experts who accepted the invitation to contribute to the list between 2010 and 2015, to the study of some taxa such as Marasmius, a genus revised during this period, to the discovery of new species to science, to new collections being carry out in areas previously poorly studied (as the lichens in Roraima, for example), and due to an increase in the species records already known for Brazil, with expansion of the known geographical distribution. Thus, the inclusion of genera and species that had not yet been recorded in 2010 led to changes in classification of the richest genera, resulting in a new configuration.
The Atlantic Rainforest, increasing in 1,353 species since 2010 and currently with 3,017 species recorded, remains the better known and most investigated biome. On the other hand, the Amazon Rainforest increased in 531 species since 2010, currently with 1,050 species, surpassing the number of species records from the Caatinga, which has 999 taxa. The Cerrado, currently with 638 records has increased 347species since 2010. Pampa currently with 84 and Pantanal with 35 species of fungi also reversed the positions compared to 2010 (Fig. 1) .
The Northeast region remains on the lead in terms of number of records, totalling 2,617 species, followed by the Southeast (2,252), South (1,995), North (1,301) and Central-West (488), each of these regions were increased by 868, 841, 675, 558 and 192 respectively since 2010 (Fig. 2) . Regarding the distribution of the fungi in the Brazilian states, there was a significant contribution of the number of species compared to 2010 (Tab. 4) and highlight is given to the number of records for São Paulo and Pernambuco, followed by Rio Grande do Sul, Bahia, Amazonas, Paraná and Santa Catarina.
States
Number Table 4 shows that, compared to 2010, there was a significant contribution of the number of fungal species registered in all federal units.
Conclusions
The great effort made by mycologists in the last five years resulted in increased completeness of the Fungal list in 2015. Despite the hard work of mycologists, the reality is that, as already highlighted by , the information available derives from samples collected in regions where there are more active groups of mycologists. For certain Brazilian states such as Tocantins, data are practically non-existent. Relevant contribution was recently given by Marcela Cáceres group, who investigated lichenized fungi in Rondônia, adding 104 new records for the state, of which 75 are new to science Cáceres et al. 2014a Cáceres et al. , 2014b Cáceres et al. , 2014c . This example highlights the potential for mycological studies and demonstrates that much field and laboratory work must still be carried out to obtain a closer estimate of the number of species of Brazilian fungi.
Despite the significant increase in the number of occurrence records of fungi for Brazil in the last five years, the number of cited species does not reflect the totality of what potentially exists in the country. Several publications, among which state lists (Maia et al. 2002; Meijer 2008) ; regional lists (Gusmão & Maia 2006 ) and general lists (Putzke 1994; Mendes et al. 1998 Mendes et al. , 2010 , where approximately 7,000 taxa are mentioned could not be fully incorporated at the moment, among other reasons due to limitations of staff and time. Numerous fungal records in herbaria and culture collections are not yet recorded within this list, and these collections are important sources of information that should be included in subsequent editions.
Considering the latest estimates that quote 5.1 million of fungal species worldwide (Blackwell 2011) and that, by 2008, slightly less than 100,000 species were described (Kirk 2008) , the current knowledge approaches 2% of the estimated diversity of the group. It appears that, despite the efforts and the information that may be included in future projects, there is still a long way to go in terms of developing a basic knowledge of the diversity of the Brazilian mycota.
The database of fungi from the 2015 list is still preliminary, but it represents a rare opportunity to increase the effective systematization of data that were scattered in various publications and to provide information on the fungi that occur in the country. To increase knowledge about the occurrence and distribution of this important group of organisms we need the help of a vast number of mycologists, to intensify inventories, taxonomic studies and training of specialized human resources to cover the insufficiently surveyed areas, which are numerous, and disseminate more effectively the mycological knowledge.
